Purpose Hot flashes are a significant source of symptom burden that negatively impacts quality of life (QOL). For women who have contraindications to, or are unwilling to consider, estrogens or antidepressants for bothersome hot flashes, there are limited effective pharmacologic or complementary and alternative medicines. Methods This single-arm phase II trial studied the efficacy of S-adenosyl-L-methionine (SAMe) for the treatment of hot flashes. Eligible women were required to have reported ≥14 hot flashes per week for ≥1 month. The patients were treated with SAMe at a dose of 400 mg twice daily to evaluate whether a reduction in hot flash score appeared to be better than the historical placebo response of approximately 25 %. The women kept a daily hot flash diary during a baseline week and then daily during weeks 2-7. The primary endpoint was the change from baseline to week 7 in hot flash score and hot flash frequency. Secondary endpoints included toxicity analyses and the effect of SAMe on QOL.
Introduction
Diminished ovarian function as a result of natural menopause or breast cancer treatment leads to a variety of adverse Electronic supplementary material The online version of this article (doi:10.1007/s00520-015-2878-3) contains supplementary material, which is available to authorized users.
vasomotor symptoms, including hot flashes. More than one third of women, without a history of cancer, will have moderate to severe hot flashes that persist up to 10 years after the onset of natural menopause, which negatively impacts quality of life (QOL) [1] . Hot flashes can be more frequent and severe in women with breast cancer as a result of oophorectomy, chemotherapy, or hormonal manipulation [2, 3] . Estrogens and progesterone analogs are the most effective agents at reducing hot flashes, with reductions of hot flashes by 70-90 % [4, 5] . However, due to concerns related to estrogen's proliferative effect on breast tissue and breast cancer recurrence risk, many women and physicians are unwilling to consider these therapies. In response to these concerns and the significant negative effect of hot flashes on QOL, multiple pharmacologic as well as complementary and alternative medicine (CAM) trials have been conducted in women with and without a history of breast cancer [6] .
To date, effective non-hormonal pharmacologic treatments for hot flashes are largely based on well-conducted randomized placebo-controlled clinical trials in the breast cancer population and include antidepressants such as citalopram [7] , escitalopram [8] , paroxetine [9] , desvenlafaxine [10] , and venlafaxine [11] as well as antiepileptic's including gabapentin [12] and pregabalin [13] . The average reduction in hot flashes in these trials range from 40 to 60 % compared to placebo responses of 20-30 %. In contrast, multiple randomized controlled trials of CAM therapies such as vitamin E [14] , soy phytoestrogens [15] , black cohosh [16] , and flaxseed [17] have failed to show clinically or statistically significant benefits, compared to placebo.
In 1952, S-adenosyl-L-methionine (SAMe) was first discovered and is now known to be formed from the essential amino acid methionine and adenosine triphosphate; this compound functions as a methyl group donor for nucleic acid, proteins, phospholipids, and amines [18] . SAMe is also involved in transsulfuration and aminopropylation pathways and serves as a precursor molecule for cysteine and glutathione as well as polyamine synthesis, respectively. To date, SAMe has been reported to have clinically significant effects in the treatment of osteoarthritis, chronic liver disease, and depression [19] . SAMe has also been shown to increase concentrations of 5-hydroxindoleacetic acid (5HIA), a serotonin metabolite, which provides an explanation for its antidepressant effect [20, 21] . As serotonin is also known to mediate the thermoregulatory effects of estrogen and resulting vasomotor dysfunction observed in the menopause state [22, 23] , it was hypothesized that SAMe could reduce hot flash burden similar to the antidepressant agents described above.
Based on the working mechanistic hypothesis stated above, this single-arm phase II trial was conducted to test whether SAMe looked promising enough for the treatment of burdensome hot flashes in women to conduct a more definitive randomized placebo-controlled clinical trial.
Patients and methods
To be eligible for this trial, women had to be 18 years of age or older, have a history of breast cancer (currently without malignant disease and having completed planned chemotherapy and radiation) or no history of breast cancer but who wished to avoid estrogen due to a perceived increased risk of breast cancer, and have burdensome hot flashes (defined as ≥14 hot flashes per week for ≥1 month and being a sufficient enough problem that the patient desired therapeutic intervention).
Patients were excluded if they were currently on, or planning to be on, any antineoplastic chemotherapy, androgens, estrogens, or progestational agents. Tamoxifen, raloxifene, and aromatase inhibitors (AI) were allowed only if patients were on a constant dose for ≥4 weeks prior to the study enrollment and not expected to stop the medication during the trial period. Patients were also excluded if they were pregnant, nursing, or of childbearing potential and unwilling to employ adequate contraception. Women could not have a known allergy to SAMe and could not be receiving herbal supplements, therapeutic anticoagulation with warfarin, medications known to have interactions with SAMe (meperidine, gabapentin, antidepressants, tramadol, levodopa), or any acute or chronic progressive/unstable systemic disease.
SAMe was purchased with research-designated funds from the Nature Made Nutritional Products as SAM-e Complete®. The patients were given a 6-week supply of SAMe and were instructed not to take any SAMe during the first 7 days but were to keep track of their hot flash frequency and severity every day and complete the hot flash diary. Starting at week 2, the patients were instructed to take SAMe 400 mg orally once daily on an empty stomach 30 min prior to breakfast. From weeks 3 to 7, the patients were instructed to take SAMe 400 mg orally twice a day on an empty stomach, 30 min prior to breakfast and prior to their evening meal. Each patient was contacted by the study nurse by telephone weekly during weeks 1-7 to assess product tolerability, document compliance, encourage completion of the booklet, and address problems.
The Mayo Clinic institutional review board per United States federal guidelines approved this clinical trial. All patients were required to provide written informed consent prior to trial entry.
Statistical considerations
The primary outcome measure was hot flash activity as recorded via a prospective self-report Hot Flash Diary, completed in a previously validated fashion [24] . The patients recorded both hot flash frequency and severity during each 24-h period over the entire trial period. They were asked to keep track of their hot flashes, as they occurred, in a small notebook throughout the day in order to accurately complete the hot flash diaries at the end of each day.
The primary study goal was to determine whether there was any reduction in hot flash activity beyond what would be expected with a placebo (25 %). Methodology from earlier phase II trials conducted by this group determined a target reduction of ≥50 % in order to move to a phase III trial [24] . Similarly, placebo responses in randomized placebocontrolled trials in non-cancer populations' range from 25 to 35 % [25, 26] . The primary endpoint utilized the hot flash score, which was computed by multiplying the frequency by the average severity per day, and calculating the mean per week, as done in previous Mayo/North Central Cancer Treatment Group (NCCTG) studies [6] . Reduction in score was determined by subtracting baseline score (average during week 1 pre-protocol treatment) from week 7 score (end of treatment). The primary analysis consisted of testing the data for normality then applying a single-sample t test or Wilcoxon test on the reduction in score, including 95 % confidence intervals (CIs). The percent change from baseline was also calculated and analyzed in a similar fashion. In an intent-totreat analysis, a patient was considered to be a success (i.e., have a response) if the patient experienced a 50 % reduction in hot flash score from baseline, otherwise considered a failure. The patients who did not complete the study, and were thus not evaluable for the primary endpoint, were categorized as failures. For the intent-to-treat analysis, chi-square methodology was used.
Secondary endpoint measures included the Hot Flash Related Daily Interference Scale (HFRDIS) [27] , the Profile of Mood States (POMS) [28, 29] , and a Side Effect Questionnaire (SEQ). The SEQ was completed weekly at the end of each week for weeks 1-7, while the HFRDIS and POMS were completed twice, at the end of week 1 and at week 7. Study personnel called the participants weekly during weeks 1-7 to assess product tolerability, document compliance, address problems, encourage completion of the surveys, and grade toxicities per the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 grading system [30] . Symptoms specifically monitored were insomnia, bloating, nausea, diarrhea, abdominal pain, allergic reaction, headache, anorexia, fatigue, myalgias, neoplasms (benign, malignant, or unspecified), stomach pain, and vomiting.
The POMS was scored according to its specific scoring algorithm resulting in a total score and six subscale scores (anger/hostility, confusion/bewilderment, depression/dejection, fatigue/inertia, tension/anxiety, and vigor/activity). An average of the scores of the 10 individual questions on the HFRDIS was calculated for the HFRDIS total score. Each HFRDIS item and each SEQ item were reported as individual scores. All scores were transposed to a 0-100 point percentage scale where 100 is the best. Changes from week 1 to week 7 were calculated for all scores and changes of 10 points or higher on a 100-point scale were considered clinically meaningful [27] . After normality testing, single-sample t tests or Wilcoxon tests were conducted for changes from baseline and descriptive statistics (frequency and percentage) were calculated to summarize AE type and grade.
The hot flash eligibility requirement was derived using data from NCCTG 95-92-53 [14] , which illustrated that we could expect a standard deviation of roughly two hot flashes per day (14 per week). A 50 % reduction in frequency would amount to a decrease of seven hot flashes per week, even if severity did not change. This study was powered considering the enrollment of 30 patients. With 30 observations (patients) and a one-sided test with a 5 % type I error rate, there was over 80 % power to detect a 50 % reduction, which equates to a moderate effect size of a decrease of 0.5 standard deviations (seven per week) [24] . All analyses were carried out using SAS® software, Version 9.
Results

Patients
A total of 45 patients were enrolled from October 28, 2010 to January 30, 2012 (Fig. 1) . Two patients were ineligible (one due to beginning treatment prior to registration and one due to having an IUD placed after beginning treatment). Forty-three patients with a history of breast cancer (n=18) and without (n=25) initiated treatment. Nine of the treated patients did not complete the trial (four refused further treatment, two of whom cited lack of efficacy, and five stopped treatment due to gastrointestinal (GI) adverse events). Three patients, who completed the trial, did not complete the QOL assessment booklets, thus changes from baseline could not be calculated. Overall, 31 completed per protocol and were evaluable for the primary efficacy analysis. All 43 patients were included in an intent-to-treat responder analysis. The demographics, clinical, and other characteristics of the eligible patients are described in Table 1 . In response to a single question about self-reported adherence to the study medication, 82 % reported always taking the medication as prescribed, 15 % reported usually, and only 3 % reported their adherence as rarely.
Efficacy
This study did not meet the 50 % reduction threshold ( Table 2 ). The mean percent decrease in hot flash score was 35.4 %, and compared to the historical placebo response of 25 %, the effect of SAMe on hot flash score was not statistically significant (p=0.09). The mean percent reduction in hot flash frequency was 32.6 %, and this was also non-significant (p=0.14). The mean hot flash score and frequency data over time, as shown as percent of baseline with 95 % CIs are shown in Fig. 2 . The intent-to-treat analysis indicates that 31 (72.1 %) of the 43 patients did not achieve a 50 % reduction in hot flash score (p=0.004). This result for hot flash frequency is the same. A comparison of the characteristics of the responders versus non-responders revealed no significant differences between the two groups. Of the 33 patients who responded to the week 7 phone call, 18 (54.5 %) reported satisfaction with hot flash control during the trial period and 15 (45.5 %) did not.
Toxicity and QOL
The self-reported SEQ indicated nine symptoms improved and five symptoms got worse (Table 3 ). Compared to baseline values, statistically significant improvements occurred for abnormal sweating (p<0.001), trouble sleeping (p=0.003), fatigue (p=0.02), and muscle or joint aches/pains (p=0.01). The patients experienced a statistically significant worsening in sleepiness. Online resource 1 shows maximum reported AE grades as measured by the CTCAE experience regardless of attribution. There was no grade 4 AEs. However, three instances of grade 3 AEs were observed, which included one insomnia, one neoplasm which were deemed unrelated to study medication, and another insomnia that was deemed possibly related.
All POMS and HFRDIS scores showed improvement from baseline (Table 4) . Modest but statistically significant improvements existed in the total mood disturbance of the POMS (mean change of 3, p=0.04) as well as the fatigue/ inertia subscale (mean change of 10.9, p=0.004). Similarly, statistically significant improvements (from baseline) were observed in several individual questions of the HFRDIS: mood (mean change 13.9, p=<0.001), sleep (mean change of 21.6, p < 0.001), and concentration (mean change of 12.8, p=0.001); however, the total QOL showed a non-significant trend towards improved QOL (mean change of 7.8, p=0.06).
Discussion
This is the first published study to investigate the effect of Sadenosyl-L-methionine (SAMe) for the treatment of burdensome hot flashes in women. In this single-arm phase II trial, the use of SAMe failed to reduce hot flashes by 50 %, which was the predetermined threshold needed for further study. There was only a modest signal of activity (35 % reduction in the hot flash score), which commensurates with published placebo arms in randomized trials [24, 25, 31] . Though we were not powered to perform a subset analysis, a thorough comparison of the characteristics of the 12 women who had at least a 50 % reduction with those who did not provided no information about a potential subgroup who might benefit from SAMe. Some women with breast cancer responded and some women without breast cancer responded while some women on endocrine therapy and also some not on endocrine therapy responded. There was no trend for a pattern in response. In addition, SAMe demonstrated a tolerable toxicity profile and a slight improvement in QOL as measured by two validated tools (POMS [28] and HFRDIS [27] ).
SAMe has been evaluated as an antidepressant in numerous studies with a mild to moderate effect when compared to placebo [19, 32] . As a primary methyl donor, SAMe is known to be involved with the synthesis of monoaminergic neurotransmitters and has been shown to increase 5HIA, a serotonin metabolite, which provides an explanation for its antidepressant effect [20, 21] and a proposed mechanism of action for the current trial. While the effect on hot flashes was not sufficiently positive to warrant a placebo-controlled phase III trial, the improved mood noted on the HFRDIS subscale corroborates its action as an antidepressant. Similar results were seen in a negative trial of desipramine on hot flashes despite improvements in mood [33] . Taken together, these findings continue to support the concept that the effectiveness of antidepressants on hot flashes remains independent of their antidepressant effect.
Several aspects of this trial might account for the lack of a significant observed benefit. The method of administration and studied dose could have influenced the current findings. SAMe has poor oral bioavailability due to extensive first-pass metabolism. A large double-blind randomized trial of intramuscular (IM) SAMe at a dose of 400 mg showed equivalence to imipramine for treating depression [34] . Though it is possible that IM or intravenous (IV) SAMe might be more efficacious for hot flashes, cerebrospinal fluid SAMe levels appear to increase with either oral or IV administration [35] and other data suggest comparable antidepressant efficacy with IM versus oral treatment [36] . The hassles of IM/IV treatment limit consideration of testing this administration approach for the treatment of hot flashes. Higher dosing of SAMe (up to 1600 mg/day) have been used in multiple trials for depression [19, 32] ; however, a linear dose effect with lower doses of newer antidepressants has not been observed to be associated with decreased efficacy in hot flash reduction [7] . A particularly interesting post hoc finding was the improvement in fatigue as measured by patient-reported side effects via the SEQ and the fatigue/inertia subscale of the POMS. Significant fatigue is a common complaint of women undergoing treatment for breast cancer as well as in those who have completed therapy [37] . The mechanism of action for this finding remains to be known; however, it might be due to its influence on inflammation and pain [18, 38] . Supporting this hypothesis, two separate randomized clinical trials testing SAMe for the treatment of fibromyalgia found modest improvements in fatigue in their subset analyses [39, 40] . Given the exploratory nature of this finding, SAMe should be considered for testing for cancer-related and postmenopausal fatigue.
SAMe at 400 mg orally twice daily had a tolerable toxicity profile with the most common adverse effects being grade 1/2 insomnia, bloating, nausea, and diarrhea, understanding that these findings might all be from a nocebo effect, as there was no placebo arm to better understand background 'toxicity' rates. GI toxicity is the most common adverse effect seen in other trials of SAMe as well. The four patients that discontinued therapy in the current trial did so due to GI toxicity. Some perceived limitations of this study would include its small sample size, single-arm design, and heterogeneous population. The sample size was supported by meta-analytic work that demonstrated that this is a reasonable sample size for a pilot study assessing hot flash interventions [24] . While it is plausible that outcomes might have been different if patients were used as their own control, the modest effect suggests against this. Moreover, the use of a historical placebo response and requirement for a single-arm open-label trial to meet a 50 % reduction threshold was based on a large body of research in both cancer and non-cancer trials with relatively similar inclusion criteria showing consistent placebo responses of 25-35 % [25, 31, 41] . Lastly, although patients with and without breast cancer and various endocrine therapies added heterogeneity, clinical trial evidence supports that serotonergic agents have relatively similar efficacy in populations irrespective of breast cancer history or use of endocrine agents and provides evidence to support the inclusion of both cohorts in hot flash trials [6, 26, 31, 41] . Strengths include the use of a prospective self-report daily diary for hot flash measurement, high degree of adherence to the protocol treatment, and the use of validated QOL tools.
Complementary and alternative medicine therapies continue to be used by many women for hot flashes, with the highest use among women with a history of breast cancer [42] . Despite a compelling mechanism based on its antidepressant activity, SAMe appears to be yet another CAM agent with minimal observed efficacy for hot flashes, when tested objectively.
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